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Six prospective, controlled trials have examined the effects of anti-
epileptic drugs (AEDs) given to prevent the occurrence of seizures
following neurosurgery. Some studies have concentrated on specific
reasons for the neurosurgery (brain tumor) while others have in-
cluded people with a variety of indications for surgery. Phenytoin

 

(PHT) has been studied most, but carbamazepine (CBZ) and phe-
nobarbital (PB) have also been evaluated to some extent. Studies of
people with traumatic brain injury (some of whom were operated
on) provide some, but less direct, evidence of the prophylactic effects
of AEDs after neurosurgery. Despite considerable variation in rea-
sons for the neurosurgery, AEDs given, and study design, the over-
all conclusions are remarkably consistent. The seizure risk is re-
duced about 40%–50% for the first week after neurosurgery in
those given the older AEDs compared with those given placebo or
no treatment. After the first few weeks, none of the drugs has been
proven to reduce the incidence of seizures and in most situations
the best estimate is essentially no effect, but effects on the order of a
25%–50% reduction in late (epileptic) seizures cannot be ruled
out. The new generation of AEDs have not been tested as prophy-
lactic agents after neurosurgery. Although there are no guidelines
for prophylaxis following neurosurgery in general, these results are
consistent with the guidelines of professional organizations for sub-
sets of neurosurgery cases. Those guidelines consider prophylaxis, es-
pecially using PHT, to be an option for the first week after surgery
but that the routine use of prophylactic anticonvulsants after the
first week is not warranted.

 

Introduction: The Need for Prophylaxis and the
Studies Conducted

 

C

 

raniotomies, especially supratentorial ones, are associated

 

with a high risk of subsequent seizures. Depending on the
reason for the surgery, about 20%–50% of patients have at least
one seizure post-operatively(1,2). Several groups have evaluated

 

whether prophylactic administration of antiepileptic drugs (AEDs)
can reduce this high seizure rate. The strongest evidence comes
from randomized clinical trials. Six prospective, controlled trials
have been reported, two restricted to patients operated on for brain
tumors (3,4) and four including patients operated on for a vari-
ety of conditions (1,2,5-7). Phenytoin (PHT) has been evalu-
ated most extensively; carbamazepine (CBZ), valproate (VPA),
and phenobarbital (PB) have also been tested. Two of the stud-
ies (3,6) considered only seizures occurring during the first
week after surgery (early seizures, generally considered to be
provoked), while the others considered both early and late sei-
zures (after one week, generally considered to be unprovoked
or epileptic seizures). Five of these studies have been included
in meta-analyses (8,9).

Additionally, studies looking at seizure prevention follow-
ing traumatic brain injury include many patients who received
a craniotomy as part of the treatment for their injuries. These
studies provide some, less direct information about the effect
of prophylactic AEDs after craniotomy. These studies have
also been included in meta-analyses (9,10).

 

Effect of Prophylactic AEDs on Early Seizures or the
Combination of Early and Late Seizures

 

Overall, the five studies that evaluate the effect of PHT on
preventing or suppressing early seizures indicate that PHT de-
creases the risk of seizures in the first week by 44% [95% CI
(confidence interval): 16% reduction to 62% reduction]. This
is based on the combined evidence from the five studies. Fig-
ure 1 depicts the estimates from the individual studies as well
as their combination. Surprisingly, the masked, placebo con-
trolled studies (1,6), which are least likely to be affected by
bias, showed the largest effects. Also surprisingly, the studies
that showed the least effect started the assigned AED preoper-
atively (2,4,5) or intraoperatively (3), in addition to being un-
masked. The traumatic brain injury studies are consistent with
these craniotomy results—after traumatic brain injury, PHT
decreased the rate of early seizures (best estimate: 67% reduc-
tion, 95% CI: 41% reduction to 81% reduction) (9).
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Only a single study (2,5) evaluated the effect of CBZ on
early seizures following craniotomy. The best estimate is that
CBZ is associated with a 39% reduction in early seizures, but
that reduction is not statistically significant (95% CI: 71% re-
duction to 29% increase). The single study of CBZ following
traumatic brain injury (11) found a significant 61% reduction
in early seizures (95% CI: 18% reduction to 83% reduction).
PB was evaluated in one study (4), but only the combined re-
sults for the PHT and PB arms were given. The results from
both treatments are included in the PHT analysis above. The
effect of valproate (VPA) on seizures after craniotomy was in-
vestigated in one study (7). The results presented early and late
seizures combined and showed a nonsignificant 15% reduc-
tion with VPA (95% CI: 46% reduction to 36% increase).

 

Effect of Prophylactic AEDs on Late Seizures

 

Three studies assessed the effect of PHT on the prevention or
suppression of late or epileptic seizures. Overall, the best esti-
mate is that PHT following craniotomy is associated with a
nonsignificant 11% reduction in epileptic seizures (95% CI:
43% reduction to 38% increase. Fig. 1). This is consistent
with the results for traumatic brain injury (9), where the best
overall estimate is a 30% reduction (95% CI: 67% reduction

to 50% increase). The traumatic brain injury studies show sig-
nificant variation in the results among studies, with one un-
masked study having substantially more favorable results than
the masked studies.

The single study (2,5) looking at CBZ to prevent or sup-
press epileptic seizure after craniotomy found CBZ associated
with a nonsignificant 30% increase in late seizures (95% CI:
25% reduction to 125% increase). The study of CBZ follow-
ing traumatic brain injury (11) showed a compatible nonsig-
nificant 20% reduction in seizures (95% CI: 58% reduction
to 49% increase). PB was assessed in a single small study (4) of
craniotomy for supratentorial brain tumors. The best estimate
is that PB is associated with a nonsignificant 38% reduction in
post-operative epileptic seizures (95% CI: 88% reduction to
219% increase). Traumatic brain injury studies (9) showed es-
sentially no effect (best estimate: 2% reduction, 95% CI: 52%
reduction to 104% increase).

 

Summary of Findings

 

Despite considerable variation in reasons for the neurosurgery,
AEDs given, and study design, the overall conclusions are re-
markably consistent. The seizure risk is reduced about 40%–

FIGURE 1 Meta-analysis results for seizure prophylaxis clinical trials following craniotomy. The relative risk for each study is marked by
a square on a line that indicates the 95% confidence interval (CI) for that relative risk. Meta-analysis results for a time period and drug are
marked by a diamond with the center at the overall relative risk estimate and the points extending to the ends of the 95% CI. The author’s
name is preceded by an asterisk (*) if the study did not use a placebo control. The seizure rate for the active treatment and control arms,
the relative risk estimate and its confidence interval, and, for the meta-analyses the p-value, accompany each study or combination of stud-
ies. A relative risk of one, representing no treatment effect, is marked by the dashed vertical line. Adapted from Temkin NR. Antiepilepto-
genesis and seizure prevention trials with antiepileptic drugs: Meta-analysis of controlled trials. Epilepsia 2001;42:515–524, 2001 with
permission of Blackwell Publishing, Inc.
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50% for the first week after neurosurgery in those given the
older AEDs compared to those given placebo or no treatment.
After the first few weeks none of the drugs has been proven to
reduce the incidence of seizures and in most situations the best
estimate is essentially no effect, but effects on the order of a
25%–50% reduction in late (epileptic) seizures cannot be
ruled out.

 

Future Research Directions

 

Only PHT has been reasonably well-studied. CBZ, PB, and
VPA have each been assessed in one clinical trial after craniot-
omy and do not look especially encouraging, especially for
prophylaxis of late seizures. Newer AEDs have not been evalu-
ated at all, despite encouraging suggestions on some from pre-
clinical work. Another important question is whether there are
differences in specific subgroups of patients with respect to the
need for or effectiveness of seizure prophylaxis. Subgroups
based on the type of surgery as well as the location and reason
for neurosurgery should be considered.

 

Implications for Practice

 

There are no formal guidelines for seizure prophylaxis after
neurosurgery in general. The Brain Trauma Foundation,
American Association of Neurological Surgeons, Joints Section
on Neurotrauma and Critical Care, have guidelines (12) on
the role of seizure prophylaxis following head injury (trau-
matic brain injury). They include a treatment option of giving
PHT or CBZ to prevent seizures in high risk patients during
the first week after injury. They have a standard that routine
use of anticonvulsants later than 1 week following head injury
is not recommended for preventing late posttraumatic sei-
zures. The American Academy of Neurology has a practice pa-
rameter (13) on anticonvulsant prophylaxis in patients with
newly diagnosed brain tumors. Their standard is that prophy-
lactic anticonvulsants should not be used routinely in patients
with newly-diagnosed brain tumors. Their guideline that ta-
pering and discontinuing anticonvulsants after the first post-
operative week is appropriate in patients who have not had a
seizure. The studies reviewed here on prophylaxis for seizures
following neurosurgery are consistent with the above guide-
lines and suggest similar practices are appropriate for seizure
prophylaxis after supratentorial craniotomy for a variety of
reasons.
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